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VU-GRAPH  1 


The  underwater  propagation  of  acoustic  signals  is 
very  adversely  affected  by  the  presence  of  deep  fades  in 
time  and/or  frequency.  In  an  effort  to  combat  fading, 
diversity  in  the  transmitted  signal  is  often  employed,  by 
emitting  energy  distributed  over  time  and  frequency. 
However,  the  fading  of  nearby  pulses  can  be  highly 
dependent,  thereby  thwarting  some  of  the  gains  to  be 
expected  from  diversity  combination.  This  paper  outlines 
the  evaluation  of  the  performance  of  a  diversity¬ 
combining  system  in  the  presence  of  partially-correlated 
fading  and  additive  noise  of  unknown  level,  in  terms  of 
the  false  alarm  and  detection  probabilities. 


VU-GRAPH  2 


The  transmitted  signal  consists  of  K  CW  tone 
bursts,  each  of  duration  seconds,  distributed  in  a 
known  pattern  over  time  and  frequency.  The  k-th  received 
signal  pulse  undergoes  an  amplitude-scaling  r|^  and  a 
phase-shift  6^,  both  of  which  are  constant  over  an 
individual  pulse  duration  of  T^  seconds  and  bandwidth 
1/T^  Hertz.  That  is,  we  are  considering  slow 
non-selective  fading. 

The  additive  noise  is  stationary  over  the  total 
observation  time  and  has  a  fiat  spectrum  over  the  total 
bandwidth  utilized.  However,  since  the  noise  level  is 
unknown,  a  group  of  L  noise-only  bins,  located  in 
time-frequency  where  there  is  no  signal,  is  used  to 
extract  an  estimate  of  the  noise  level,  N  . 


VU-GRAPH  3 


In  order  to  be  quantitative  about  the  fading 
statistics  and  dependencies,  we  define  the  power-scaling 
variate  =  r^^,  the  square  of  the  amplitude-scaling 
variate.  The  first-order  probability  density  of  q  is 
taken  to  be  chi-squared  with  2m  degrees  of  freedom.  Thus 
m  =  1  corresponds  to  exponential  power-fading  or  Rayleigh 
amplitude-fading.  The  parameter  V  is  a  measure  of  the 
average  strength  of  the  fading.  In  particular,  the 
average  power  scaling  equals  m  times  a.  Particularly 
deep  fading  is  modeled  by  small  values  of  parameter  m, 
which  need  not  be  integer.  In  fact,  some  recent 
measurements  yielded  fading  which  Was  characterized  by  m 
near  1/2. 

The  statistical  dependencies  between  fading  of 
separate  signal  pulses  is  modeled  by  allowing  arbitrary 
covariance  coefficients  between  any  two  power  scaling 
variates.  The  exact  statistics  and  dependencies  of  phase 
shifts  6|^  are  not  relevant,  due  to  the  particular  form  of 
receiver  processing  adopted. 


VU-GRAPH  4 

The  potential-signal  channels  are  matched-filtered 
and  square-law  envelope- detected  at  the  instants  of  peak 
signal  output,  if  signal  is  present.  The  sum  of  these  K 
squared  envelopes  is  then  compared  with  a  similar  sum  of 
L  envelope-squared  outputs  of  filters  which  are  known  to 
operate  in  a  region  of  noise-only.  If  the  ratio 
exceeds  a  threshold,  a  signal  is  declared  present. 

For  signal  absent,  the  value  of  output  v  on  any 
trial  is  independent  of  the  absolute  unknown  noise  level, 
N^.  Hence,  this  processor  has  constant  false  alarm  rate 
capability;  that  is,  we  can  realize  a  specified  false 
alarm  probability  without  knowledge  of  noise  level  N^. 


VU-GRAPH  5 

The  detailed  analysis  of  performance  of  this  system 
is  too  lengthy  to  be  presented  here.  All  we  can  do  is  to 
present  a  sample  which  illustrates  the  type  of  results 
that  are  currently  available.  This  plot  gives  the 
receiver  operating  characteristics  on  normal  probability 
paper,  with  input  signal-to-noise  ratio  as  a  parameter. 

This  particular  case  is  for  four  signal  pulses  subject  to 
Rayleigh  amplitude  fading  with  a  covariance  coefficient 
of  0.5,  and  utilizing  16  noise-only  filters.  Many 
additional  examples  and  a  general  program  are  available 
in  NUSC  Technical  Report  8133,  from  which  this  paper  was 
drawn. 
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Figure  25.  ROC  for  K=4,  m*l,  P=*.5,  L=16 
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